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 ABSTRACT

Processes used at the Fission Produchts Development Laboratory,
Oak Ridge Nabtional Laboratory, for recovery, purification, and
© conversion of megacurie guantities of *57Cs to salts and source
compounds are reviewed with special emphasis on the conversion
of cesium alum to cesium carbonate by the cesium tetraoxalate
Process. Subsequent conversion of cesium carbonate to source

compounds is discussed.

INTRODUCTION

‘Fission-product 1%7Cs has been recovered and purified at Oak Ridge National
Laboratory since 1948 to provide gamma-ray sources for teletherapy, radiography,
and irredigtion units. The first large source was a teletherapy unit fabricated
in 1954 which contained 1540 curies of 137Cs in the form of compacted CsCl encap-
sulated in stainless steel. Within a few years, 127Cs teletherapy sources were

- widely accepted by medical facilities and there was a demand for sources contain-
ing 1000 to 3000 curies. The number of teletherapy sources prepared annually at
ORNL ‘has_increased to about 25; in addition ORNL also sells considerable quenti-

‘ties of 1%7Cs to private firms who fabricate teletherapy and radiography sources.

.In the past three years, the increased supply of purified 13705 and reduct:.on in
" price (presently $0.125/curie in quantities >200,000 curies) has made’ 1%7Cs more
attractive for industrial-scale irradiators.l’® Two large sources recently pre-
pared that are of special significance are a 200,000-curie 137¢sC1 source, _in '
the form of rectangular wafers (Fig. 1), for the Radiation Laboratory,
Brookhaven National Laboratory, and a 176,000-curie source for Saint-Gobain’
Techniques Nouvelles, Seine, France. Inquiries from a number of :|.rra.d1atn.on
fa.c:n.lrt:l.es have "indicated current interest in sources of 100,000 to 300,000 ouries |
of 37Cs and long-range plans for even larger quantltles in the range of O.4 to .

- 1.0 megacurie of ®7Cs. Cesium-137 and its daughter, 1®7Ba, decay by beta and

- gamma, emission to yield ~4.8 watts thermal power per 1000 curies, which makes it
potentially useful as a heat source. .
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v Prior to 1961, fission products were first recovered from waste solutions gen-
-, erated by pilot plant grocessing of irradiated uranium at ORNL and from liguid
. waste .shipped to ORNL.
_nigue was developed for selective sorption of °7Cs on an inorganic ion exchanger

In order to meet the demand for 1%7Cs, a tech-

(Deca.lso) from the supernatant of neutralized fission-product wastes. Shipment

“of ‘erude 1®7Cs concentrated from waste tenks located at Henford was begun in
- 1961. Purification of the crude 137 7Cs and conversion to compounds useful as
-ra.d:.atn.on or heat sources are accomplished at ORNL: in the Figsion Products '
. - Development Laboratory (FPDL) at a rate.of 1.0 mega.curie/year.

DISCUSSION

Rccovéry of Cesium-137 From Fission-Product Wastes by Decalso Process

In recovery of *®7Cs by the Decalso process,3* neutrallzed. Hanford Purex Super-
natant 103A, with a sodium ion concentration of 5 %o T M, is passed through a

. :radiation-shielded %tank _containing 400 gal of 20-30 mesh Decalso at 25°C until
. the cesium begins to break through or when ~50,000 curies of >37Cs has been. L
sorbed. The beds are then covered with water and the casks (Fig. 2) are sealed.

The casks are J.oaded, two to a modified gondola ca.r (Fig. 3) s and shipped from

... - Hanford to ORNL. "At ORNL, more than 97% of the '37Cs is eluted from the Decalso -
- beds at’ FFDL with 1000-1200 gal of 5 M NHeNOs at 80°C at a flow rate of 4 gal/min.
.. The eluant is stored in underground tanks, which have storage capacity for as '
- .mach as 0.5 megacurie of 15 Cs The jon-exchange beds are rinsed and returned

-~ - %o Hanford, in the axmonivm f‘orm, to be reloaded with cesimm. The or:.g:.nal

- Decalso beds placed in the shipping casks in 1961 are still being used after.

twelve loading and elut::.on cycles and ha.ve shown no loss of selectivity for

L sorbing cesium.

i The_-l‘?’TCs processing_ra.te in the FPDL is dependent primsrily on the shipping -

schedule for the feed. Four shipping casks are presently in use. Each ll-OO-gaJ.

- Decalso bed will 'brans;’)ort 50,000 curies; and with a shipping cycle o:f:‘ e:.ght weeks

per four STT's, the 137Cs processing rate is about one megacurie of 1%7Cs pér
year. In the perlod from April 1961 to Jenuary 1965, over 2.5 megacuries of
3"Cs has been processed at ORNL. :

Pur:.f:.cat:.on of Cesium-15T7 by Alum Process

'The alum process5™32 is based on the isomorphous _cccrystall:.ze.ta.on of small amounts :

~'i -of cesium with large amounts of ammonium alum. The concentration of ammonium alum.
' .in solution also decreases the cesium alum solubility, resulting in high 137¢s

-recovery. After collecting the cesium in the ammonium alum beds, the more soluble

alums are removed by a heating amd cooling cycle to effect fractional crys‘balll- :
zation of the alums. After three to five such cycles, and removal of the .agueous

_- . phase each tinme, the more iasoluble cesium alum is obtained in a relatively pure
.. form, free of other alums snd other fission products. Cesium losses recycled

from subseqmnt processing steps are also collected by the alum process for re-

" processing. This multiple use of the alum process makes it the key process in the. |
. FEDL- 1370g integrated process (F:.g- 4. ‘ .

".:rhe 5.M NHNOs eluant resulting from the elution of the 13”03 from the Deca.].so
_-beds is diluted to 2.5 M NH¢NOs and the 2,500-curie batch of *7Cg is then. trans-. "
-ferred. to a vessel containing an emmonium alum bed. Cesim—l}'r is then collec'bed "

N
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* on the- annnom.um alum beds by a heating and cooling procedure. The solution:

remaining from this crystallization is transferred to a second vessel also ¢on-
taining éammonium alum and the same process repeated two times to effect recov-

. ery of >98% of the 13"'0 'Subsequent batches of 2,500 curies of (s are

' transferred to the alum crystallizers and the process is repeated. S

-~ When ~50,000 curies of '37Cs has been collected on the alum beds (about one . ,
. week's operation at FPDL), water is added to the mixed alums and the more soluble
ammonium and fission-product rubidium alums, as well as traces of fission prod-
ucts, are removed by seversl fractional erystallizations. The more insoluble

. “césium alum is then transferred to an accumulation vessel. The alum cocrystal-

", lization and fractional crystallization process is repeated until ~200,000 curies
_of 37Cs has been accumulated. It is then converted to cesium tetraoxalste by .

 a subsequent process (Fig. 4). oo

 Conversion of Cesium-137 Alum to_Source Compounds by Cesium Tetraoxalate Process

» Various processes have been used at ¥FPDL to convert cesium alum to other cesium
‘. compounds. In one of the early ORNL procedures,’ ammonium hydroxide was added
. *--to the slum t0 form aluminum hydroxide, ammonium sulfate, and cesium sulfate.

. y. After the insoluble aluminum hydroxide had been filtered off, the cesium sulfate

. solution was heated with HNOs to oxidize the residual .1 P Hydrochloric acid

.. was added to remove the HNOs and the Cso804 solution was passed through a

' hydroxide-form snion-exchange column to remove the sulfate ion. The resulting
cesium bydroxide was neutralized with HCl and evaporated to prepare CsCl crystals.

. In a later process,® cesium alum was converted to cesium chloroplatinate which

- was recovered and the~ converted by an aqueous solution of hydrazine hydrate to

© . Platinum metal, cesiuw chloride, and smmonium chloride. The platinum metal was

- removed by 'filtra.t;i.cm_, nitric acid was added, and the solubion was heated to

. oxidize the ammonium ion. Hydrochlor:t.c acid was then added and the solution heated
. " to remove the excess HNOg; the cesium chloride was evaporated to recover the CsCl.
“Because of the necessity of handling relatively large quantities of HClL and HiOg

- and ‘the time required for evaporating the acids and recovering the pla.tmum, i

L this method has been replaced by the cesium tetraoxelate process. 13715 .

. The :advantages of the tetraoxa.late process are the easy separation of the cesium
" from aluminum, simple calcination of the tetraoxalate to cesium carbonate, azrd
. ' the .ready conversion of the carbonate to usable end-products. The process is .
.- ameriable ‘to large-scale processirig of fission cesium and the soluble fraction

- of cesium is recycled to the precech.ng alum process.to effect h:.gh recover:.es
T of product- o ‘

' '.-Ces:.um tetraoxalate, CsH3(CEO4)2 21{20 can be crystallized from smple salt solu-
,.tions such as those occurring in. solvent extraction raffinates or from the

L cesium alum process. - The solublllty of cesium tetraoxalste in water and 1.0 M
,_oxal:.c acid solution at various temperatures is shown in Table 1. Laboratory

- “studies show that cesium is crystallized as cesium tetraoxalate from cesium
almr-oxa.h.c acid solut:.on, with little coprecipitation of A1(III) at cesium

- concentrations of <20 g cesium per liter (Table 2). It was found that the addn.-
-/ tion of small amounts of NH,' don increased the yield of cesium tetraoxalate. a.nd
:--.decreased Lhe percentage of the a.luminum that coprecipitated (Table 3). S

S
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Table 1.. Effect of Temperature on Solubility of Cesium
Tetraoxalate in Water and in 1.0 M Oxalic Acid Solution

"Tempega.ture s CsHa(Cp04 )2 -2Ha0 solubility, g/liter
¢ 1.0 M Oxslic acid Weter

10 2.65 8.8

1k k.60 13.0

20 . 5.00 . 22.6

30 11.7 i 40.0

%0 30.8 : 67.5

© 50 61.6 17.0

Table 2. Effect of Cesium Alum Concentration on Cocrystallization

of Aluminum ‘Oxalat,e with Cesium Tetracxalate

- (Temperature 14°C; 1 hr stirring)

Initial cesium Cesium . Al carried, % Initial oxalic
-concentration, crystallized,  of initial Al acid concentration,
g/liter ' % in solution M
10 60 <1.0 1.0
15 &l 1.0 1.1
20 65 2.1 1.1
25 67 5.2 1.2
30 69 22.0 1.25
40 TO 35.0 1.5
50 ] T2.0 1.8
1100 83.0 2.9

89

Tsble 3. Effect of Ammonium Ion on Crystallization of Cesium
Tetraoxalate from Cesium Alum and Oxalic Acid Solution

(Temperuture 14°C; 1 hr stirring;

1.25 M oxalic acid; cooling rate 1°C/min)

Cesiun

concentration,

g/liter

A Cesium Al carried, %
concentration, crystallized, of initial Al
) in solution

20

20

.25

a5

65 2.5
™ 0.1
67 5.2
7 0.2
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- In the 137Cs.processing at FFDL, the cesium alum is converted to cesium tetra-
' oxalate after 200,000 curies of pure cesium alum has been accumulated by

erystallization 1n a 400-liter volume of 1.2 to 1.25 M oxalic acid, 0.05 M NH{"

and 15 to 25 g of cesium per liter. The first crysta]lization is not necessary
. for purification but is very useful in the transfer of 137Cs from the cesium

alum crystallizers and aids in getting representative samples of the solution
for radiochemical analysis. The cesium tetraoxalaste is dissolved in water and
transferred in 50,000-curie batches to a 100-liter vessel.

The second crystall:l.zat:.on is made in the 100-liter vessel from 1.X to 1.2 M

. " oxalic acid. The solution is cooled to 25°C at a rate of l°c/min The cooling
.. rate is halted at 25°C for 15 min and then cooled to 14-16°C at a rate of 0.5°C/min. -

Yields of cesium tetraoxalate are TO% on the first crystallization and 92% on the.
second crystallization. The increased yield on the second crysta.ll:.za.tion is due

- primsrily to the lower concentration of aluminum ions.

The soluble cesium in the supernatant fraction is recycled to the alum system

- for recovery as cesium alum. The integrated cesium process used ‘ut FFDL is
' shown in Fig. 4. : '

Preparation of Cesium Ca.rhonate from Cesium Tetraoxalate

Cesium carbonate is easily prepared by heating cesium tetraoxalate to a suffi-
ciently high temperature to volatilize excess oxalic acid and water and decompose-
the oxalate to carbonate and carbon monoxide: The calcination is endothermic

~and there is no danger of uncomtrolled burning.

in la.bora.tory studies of the calcination, cesium tetraoxalate was heated for
different times and temperatures in a shallow nickel tray in a muffle furnace
with an air stream passing through. The resulting compounds were assayed for

- cesium, titratable hydrogen ion, oxalate, and carbonate. From these studies,
the reactions in different temperature ranges were determined to be:

CSHa(ce04)a 2B0 ~2B7129°C o, 0op(G204)2 + 2HO

- CsHa(C204)2 —~1-2~9-~2-9-°--9—> CsHCZ04 + HaCpOg

O
20sHCz04 ~22030.C. 05,0204 + Halz0s

300-450°C . Mixture of CszC0a,
CsaCz0s > €520, €O, and COz

0
: CSECO -—~>—’1‘29--> Cs20 + COz

. When cesium tetraoxalate is heated ta 100°C, the crystals melt. Continued heat-

., .itg ab 120°C sublimes the excess oxalic acid, leaving cesium acid oxalate, CsHCz04.
The conversion of CsHC204 to Csz00s is complete after 2 hr at 300°C. This pro-

. cedure is used to _cqnvert fission-product cesium tetraoxalate to cesium carbonate.

2 Q'The cesium compounds prepared from cesium tetraoxalate are low in AlzOs and Fez03
" ..since oxalic acid complexes both aluminum and ferric iron and keeps these ions in

" solution. Trace amounts of iron and aluminum (~O X1 mg/g cesium’ te‘l:ra.oxa.la.te)

- that do cocrystallize with the cesium tetraoxalate are converted to the insoluble

o:q.q.es at 300°C and are removed by filtration of the dissolved. cesium carbonate
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. solution prior to making other cesium compounds. Carbon, which also forms from
the caleination of ammonium tetraoxalate, is also removed by the filtration.
The resulting cesium carbonate solution conta.lns no detectable alkaline earth,
trivalent metal ions, or smmonium ions. _

Preparation of Cesium Source Compounds from Cesium Carbonate

Cesium carbonate is u.sed to prepare a variety of source compounds. Cesium ¢hlo-
ride is the primary form for radiation sources, but other salts or compou.nds can
be PrePa.red for heat sources .or special application. .

Dry powdered 1870501 is prepared in 50,000—curie batches b{areact:.ng the filtered
Cs2C0z solubion with & slight excess of bydrochloric acid. The 1°7CsClL
solution is again .filtered, and the filtrate is evaporated in tantalum equipment
t0o yleld the dry salt. The powder is baked with constant stirring at 300°C for
4 hr to remove the last traces of HCL; it is then stored in lots of 10,000 curies
in stainless steel cans in water-cooled storage wells. The cesium chloride has
an activity concentratn.on of ~25 curies *37Cs per gram CsCl, as measured b{
. calorimetric methods;1®s*7 this varies slightly due to differences in the 137Cs
J.sotop:.c concentratn.on.

The cesium chloride is pressedle :mto a variety of sizes and shapes such as right
cylinders, square wafers (Fig. 1) , or segments of a ring, and then hermetically
sealed in Type 316 IC stamless steel capsules by fusion welding technigues. 19,20
- Long~term compatibility studies®! have shown fission-product cesium chloride is
compatible with Type 316 stainless steel capsules.

Cesium sulfate is prepared by adding a stoichiometric amount of dilute sulfuric

- acid to the cesium carbonate solution and eveporasting to near dryness. An equal
volume of ethyl alcohol is added to the concentrate to decrease the solubility

"of the cesium sulfate, and the crystals are filtered from the solution and dried.
This procedure is better than the procedure®® of evaporating acid cesiwm sulfate
solutions to dryness because the cesium sulfate prepared from cesium carbonate
does not contain CsHS04, which is highly corrosive.

Several types of cesium glasses®3:®% containing 11-0-11-51 cesium have been prepa.red
' from- cesium carbonate. About 100,000 curies of 1%7Cs glass has been prepared,
but experience has shown thet fabrication of cesium glass as small rods or
spec:.a.l shapes is very difficult. Cesium glass in the form of right cylinders
for use as a heat source® was prepered (F:Lg. 5.,
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